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AbstractIn order to evaluate in vitro enzyme activity and in vivo efficacies of three new phytase products the 
diets of CON, Phy-500, Phy-1000 and Phy-5000 which were formulated to contain 0.0, 500, 1000 and 5000 
FTU phytases per kg diet, respectively were analyzed for their phytase activity by a universal method 
and fed to the 14 day-old quail chicks for 3 weeks. The results indicated that the universal method was 
successfully transferred at our laboratory (the precision of measurements=1.6-2.6%). The measurements 
obtained from this study were more precise and accurate than any other data reported previously. 
However, the attention must be made on less recovery (39-40%) with thermostable enzyme. The results of 
efficacy trial indicated that weight gain and feed conversion ratio (FCR) were high with all enzyme added 
diets during feeding period compared to CON diet. The Phy-1000, however, provided significantly better 
FCR values than the rest of diets due to a marked reduction (P<0.05) in feed intake. Dry matter retention 
was significantly (P<0.05) high with Phy-500 diet. Weight (g) and relative weight (g/100 BW) of digestive 
tract was significantly (P<0.05) low with Phy-1000 and Phy-5000 diets. The length of digestive tract was 
significantly (P<0.05) high with Phy-500. The results indicated that the performance of quails and their 
digestive tract development were markedly influenced by the novel enzyme products.
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INTRODUCTION
Corn and soybean meal (SBM) are the main 
feed ingredients in the feed market for poultry. 
In order to improve the nutritive value of corn-
soya based diets there is an increasing interest 
in enzyme addition to these types of feeds. 
The enzyme preparations containing protease, 
amylase, and xylanase in a corn–SBM diet have 
been found unsuccessful (Cowieson et al., 2010; 
West et al., 2007; Yu et al., 2007; Cowieson and 
Ravindran, 2008; Troche et al., 2007). However, 
there has been an increasing trend in the industry 
to incorporate the animal feed with supplemental 
phytase enzymes. 
Elimination of phytate in feedstuffs is a key 
point in improving the utilization of phosphorus (P) 
and other nutrients in these feed resources. Phytase 
enzyme disconnects phosphoric acid groups in 
phytate molecular to form the final product being 
inositol and phosphoric acid. The novel products of 
3- and 6-phytase are now available in the market 
to overcome excessive amount of P excretions and 
to improve animal performance (Pirgozliev and 
Bedford, 2012; Cowieson et al., 2006; Elkhalil et al., 
2007; Leytem et al., 2008; Olukosi et al., 2008). For 
comparison of the efficiency of enzyme preparation 
in feed industry, a reliable, safe, robust, and easy 
method has to be adopted. All available analytical 
methods determining the phytase activity of the 
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products per se and their activities in premixtures and 
feeding stuffs have more or less a similar analytical 
procedure (Gizzi et al., 2008; Brod, 2001a,b,c; AOAC, 
2000;  Engelen et al., 1994 and 2001). Harmonized 
and internationally well recognized the method 
“EN ISO 30024” (Anonymous, 2009; ISO 2009) 
is recommended for official control of phytase 
products added to the animal feeding stuffs and 
should be used for all phytase products worldwide. 
However, the producers of phytase products still 
prefer and employ the in-house modified versions 
of either AOAC or EN ISO 30024 methods for the 
routine control of phytase activity for routine 
quality control purposes, thus leading to variations 
in the expressed phytase activities of commercially 
available authorized products in the market. This 
brings a practical and technical problem in order 
to compare the efficacies of several products in 
animal nutrition when the feed added with phytase 
is expressed with different units (i.e., U or FTU per 
kg of feed) of phytase activity. 
Furthermore, there is no precise data indicating that in vitro enzyme activities are strongly well 
correlated with in vivo activity of enzyme, but there 
are strong correlation between the performance 
data and nutrient digestibility and in vitro enzyme 
activities of the enzymes used (Karimi et al., 2013; 
Lan et al., 2011; Slominski, 2011; Vali and Jalali, 
2011; Elkhalil et al., 2007; Cowieson et al., 2006; 
Leytem et al., 2008; Ahmad et al., 2010). In the 
latter case the analytical method played important 
role to precisely formulate the feed with the 
optimum recommended dosages of enzymes. EN 
ISO 30024 method has wider regulatory approval 
than any other previous methods, it still remains 
that other phytases or new phytases coming on to 
market may require further testing to see whether 
the analytical method will also work consistently 
with these products. Generally, phytase is easily 
recovered from mash diets by the Engelen or ISO 
methods but after pelleting, problems have arisen. 
A specialized and unusual extraction technique is 
therefore required to fully solubilize the enzyme 
into the extraction buffer (Basu et al., 2007). As 
new phytases come to market, further extraction 
and assay changes may be necessary, so that a 
truly universal method may not be possible.
 In this study three novel phytases of microbial 
origin were selected and added to the diets of quails 
according to the recommendation of authorization 
holder within the frame of European Union Regis-
ter of Feed Additives, pursuant to Regulation (EC) 
No 1831/2003 (Anonymous, 2003 and 2014). 
The objective of this study was, therefore, to test 
the efficacy of safe and stable enzyme products 
in Japanese quails and to evaluate analytical 
transferability at an official control laboratory 
of the universal method “EN ISO 30024:2009” 
determining phytase activity (Anonymous, 2009) 
in quail feeds.  
MATERIALS AND METHODS
Feed formulation. One control diet (CON) was 
formulated (Tab.1) with corn, soybean meal and fish 
meal to meet nutrient requirements of quail chicks 
from 14 to 35 d-old, according to the standards of 
NCR (1994). The control diet was isocaloric and 
isonitrogenous, but contained no added enzyme. 
Enzyme products used in this experiment were 
well-characterized, safe, stabile and authorized to 
be marketed at Europe (Anonymous, 2014). CON 
diet containing 0.0 FTU/kg added phytase enzyme 
was supplemented at optimum recommended 
dosages of three phytase products to formulate 
“Phy-500”, “Phy-1000” and “Phy-5000” containing 
500, 1000 and 5000 FTU/kg of added phytase 
activity, respectively. The diet “Phy-500” contained 
500 FTU (phytase activity unit) per kg of feed at 
a dose of 0.1% of a thermostable (850C) product 
of 3-phytase produced by Aspergillus niger (CBS 
101.672) having a minimum activity of 500 FTU/g 
in a granular form (Rovaphos 500, Trouw Nutrition, 
2013). The diet “Phy-1000” contained 1000 FTU 
(phytase activity unit) per kg of feed at a dose 
of 0.01% of a preparation of 6-phytase (IUB No. 
3.1.3.26) produced by Aspergillus oryzae (22594) 
having a minimum activity of Ronozyme HiPhos 10 
000 FTU/g in a fine-granular coated form (SCAN, 
2012). The diet “Phy-5000” contained 5000 FTU 
(phytase activity unit) per kg of feed at a dose of 
0.1% of a preparation of 3-phytase produced by 
Aspergillus niger (CBS 101.672) having a minimum 
activity of Natuphos 5000 FTU/g in solid granular 
form (SCAN, 2000).  The “CON”, “Phy-500”, “Phy-
1000” and “Phy-5000” were all identical in nutrient 
composition and in feed ingredients, but differed 
in their microbial phytase activity of 0.0, 500, 
1000 and 5000 FTU per kg of diet, respectively. All 
enzyme products were homogenously pre-mixed 
with smaller proportion of corn and fish meal 
together in a kitchen mixer before homogenously 
mixing with the remaining parts of diet ingredients. 
Analytical Transferability of a Universal Method
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Table. 1 Composition of quail diets (g.kg-1, as fed), formulated according to NRC (1994)
Formulation CON
Corn 600
Soya bean meal (48% CP) 303
Fish meal (68% CP) 70
Dicalciumphosphate 20Sodium chloride 3.5
Vitamin and mineral premixture* 3.5
Total mixture, g/1000 1,000
Nutrient composition, calculated (analysed)**
Dry matter (DM), g/kg 899  (909)
Crude Protein (CP), g/kg 239 (233.1)
Metabolisable energy (ME), MJ/kg 12.2 (12.36)
Calcium, g/kg 8.4
Available Phosphorous, g/kg 5.7
Methionine + cystine, g/kg 8.1
Lysine, g/kg, 1.4
Threonine, g/kg 9.4
Note: *Each kg of the premix contained: 5 000 000 IU Vitamin A; 750 000 IU Vitamin D3; 25 000 mg; Vitamin E; 2 
000 mg Vitamin K3; 2 500 mg Vitamin B1; 5 000 mg Vitamin B2; 2 500 mg Vitamin B6; 30 000 mg Niasin; 10 000 
mg calcium D-pantothenate; 1 000 mg Folic acid; 100 mg Biotine; 37 500 mg Manganese; 50 000 mg Iron; 40 000 
mg zinc; 7 500 mg Cupper; 250 mg Iodine; 100 mg Cobalt; 100 mg Selenium. **The values in the brackets are the 
results of chemical analysis.
Method transferability and determination 
of phytase activities. A 150 g ground samples 
was taken from all four diets according to the “ISO 
6497 standard method” (ISO, 2002). The samples 
of diets and standard enzyme products were 
sent to the laboratory (TÜBİTAK, MAM) along 
with analytical method “EN ISO 30024:2009” 
determining phytase activity in feeding stuffs 
(Anonymous, 2009).  The method tested in this 
study works on the principle that the phytase 
enzyme releases phosphate from the substrate 
myo-inositol-hexaphosphate (phytate). 
The released inorganic phosphate is 
determined by forming a yellow complex with an 
acidic molybdate / vanadate reagent. The yellow 
complex is then measured at a wavelength of 
415 nm and the released inorganic phosphate is 
expressed in optical density (OD415) and quantified 
through a phosphate standard curve. 
The activity is expressed in phytase units (U)/
kg feed sample. One phytase unit (U) is the amount 
of enzyme that releases 1 μmol of inorganic 
phosphate from phytate per minute under the 
above mentioned reaction conditions. The activity 
(U) is calculated according to the following 
formula:  
Activity = ∆OD*D/m*W*t
∆OD = OD415 sample – OD415 blank 
m = slope of the standard curve [OD415 /(μmol*ml-1)]
D = dilution factor (extraction volume * dilution of the 
extract) [ml]
W = weight of the sample [kg]; t = 30 [min]
OD415 sample is the result of the measurement 
of the feed sample subjected to the whole analytical 
procedure, whereas OD415 blank is the result of 
the determination of inorganic phosphate that is 
already present in the same feed sample, before 
conducting the enzymatic reaction. 
In the construction of the standard curve, the 
reaction between a series of phosphate standards 
and the acidic molybdate/vanadate reagent is 
measured in triplicate. In parallel, the phytase 
level of control analysis on a validated phytase 
standard is carried out in order to check if the 
solutions employed and reaction conditions were 
all correct. Finally, for the analysis of the test 
samples, duplicate weighing of each sample is 
taken and their reaction with the acidic molybdate/
vanadate reagent is measured in triplicate. All 
the measurements taken at 8 different days we re 
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subjected to a harmonized outlier removal pro-
ce dure suggested by IUPAC protocol (Horwitz, 
1995). 
Analytical transferability of official method 
was carried out with independent samples run at 
eight different days by the same operator using 
the same device. The recovery and precision were 
determined according to the “ISO 5725 standard” 
(ISO, 2001). The standard deviation (SDr) describes 
the within- single laboratory variation under the 
repeatability conditions when applying the same 
method of analysis on the same sample under the same conditions (i.e. the same laboratory, the 
same operator and the same apparatus), but in 
different days. The variation in a single laboratory 
transferability study was defined as “intermediate 
precision”, by the “ISO 5725 standard” (ISO, 2001). 
The determination of detection limit (LD=3) 
and quantification limit (LQ=10) were done 
according to the IUPAC nomenclature (Horwitz, 
1995), and were given as ∆OD415:  LD=0.33 and 
LQ=1.10, respectively. 
The present universal method does only 
measure the activity of phytase enzyme (U/kg) in products per se and in feeding stuffs, not the 
concentration of a substance in these matrices, 
which is expressed in a mass (i.e., mg/kg). Horwitz 
(1995) predicted a set of acceptable levels of 
precision data with which a good comparison can 
be made with the precision data obtained from 
the latter method determining the concentration, 
but not for the former method measuring only 
the enzyme activity. Therefore, in order to test 
the suitability of method transferability at our 
laboratory the recovery and precision data under 
the in-house conditions were compared with the 
same performance characteristics of universal 
method obtained from a ring-trial validated study 
as well as with previously published data (Tab. 
4-5). 
Efficacy trial. Each diet was offered to 48 
chicks in four replicated cages, each with12 chicks, 
giving a total number of 192 chicks. 14 days-old 
chicks were weighed and randomly allocated 
to the cage groups with a similar body weights 
(mean±standard deviation of 47.4±0.4 g/chick). 
All chicks were reared in groups in electrically 
heated battery brooders with wire-mesh floor. All 
the groups were subjected to similar management 
practices (brooding, lighting, feeding and watering) 
throughout the experiment. Lighting regime was 
24 hours and brooding temperature gradually 
decreased from 34°C during the initial 7 days to 
26°C by 21 days of age. Water and experimental 
diets were supplied ad libitum from day 2 to day 
35. No vaccination was performed. 
Data collection and statistical analysis. FI of 
birds in each group were recorded daily, but body 
weights (BW) were measured weekly intervals. 
Mortality and health inspection were monitored 
daily before and after feeding. FCR is calculated by 
dividing the amount of consumed feed by the WG 
at a specified interval of time. Dressing percentage 
is calculated dividing the carcass weight by live 
weight and multiplying by 100. The length and 
weight of total digestive organs were measured at 
the end of experiments for all birds.  Dry matter 
retention was determined by total faeces collection method. 
The faeces of birds in groups were collected 
during three consecutive days, weighed and dried 
at 105oC for 24 hours. Dry matter in faeces and 
feed was then calculated. Dry matter retention is 
the difference in dry matter of total amount of feed 
consumed and total amount of faeces excreted 
during three consecutive days. All data were 
analyzed to study the effect of dietary treatments 
using one-way analysis of variance, according to 
Snedecor and Cochran (1980). 
The treatment means for studied parameters 
found significant (P<0.05) in one-way analysis 
of variance were separated for significance 
comparisons using Duncan’s multiple range test 
(Duncan, 1955) at the 1% and 0.5% of probability. 
RESULTS AND DISCUSSION
 Verification of phytase activities for 
the tested products by universal method. 
The phytase activity related to kg of feeds and 
to g of phytase products was calculated from the 
calibration curve (Fig. 1). The calibration data 
obtained from the laboratory in which the universal 
method was verified for the analyzed feed samples 
well respected the standard calibration curve, 
reported previously (Gizzi et al., 2008). 
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Fig. 1 Calibration curve and calculation of regression coefficient
Phosphate concentration OD415 Calculated
Correlation coefficient r=1 1 0.000 0 -0.0003
Variable Value Std. Err. 2 0.313 0.1209 0.1227Intercept -0.0003 0.001 3 0.625 0.2475 0.2457Slope 0.3937 0.0008 4 1.250 0.4915 0.49175 2.500 0.9837 0.9838
Table 2. Raw data (no IUPAC rules applied) on enzyme activities of three phytase products 
(PP1=Rovaphos 500 containing 3-phytase from thermostable Aspergillus niger, PP2=Natuphos 5000 containing 3 
phytase from Aspergillus niger, PP3=Ronozyme HiPhos 10000 containing 6-phytase from Aspergillus oryzae)
Enzyme samples n Declared FTU/g Measured (mean ± stdev) U/gPP1 8 500 224.3 ± 7.7PP2 8 5000 5595.6±441.1PP3 8 10000 10257±1427
Feed samples Formulated FTU/kg Measured (mean ± stdev) U/kg
CON (no enzyme) 8 0.0 28.0±9.9
Phy-500 (0.1% PP1 added) 8 500 1036.32±471
Phy-1000 (0.01% PP3 added) 8 1000 1191±85
Phyt-5000 (0.1% PP2 added) 8 5000 7221±482
Note: n=Number of independent samples in total, each was analyzed at one single day in duplicate
The purchased enzyme products have a 
declared phytase activity on the label (Tab. 2). The results presented in Table 2 were raw data, which 
was not subjected to the outlier analysis. The 
declared activity values were considered as the 
target value from which the recovery of phytases 
in the products analyzed were estimated (Tab. 3).
The data from which outliers were excluded 
from the statistical analysis of variance and 
estimation of variance components to calculate 
the precision data was demonstrated to fall within 
the acceptable performance criteria set up by 
IUPAC (Horwitz, 1995). The recovery data can 
be acceptable within the range of 75-150% and 
the precision data within the range of 5-20%. 
Therefore, most of the enzyme products and feed 
samples contained added enzymes analyzed at 
our laboratory by the universal method were 
acceptable and satisfactory within 95% confidence 
intervals. However, the pytase product (PP1) was 
less recovered (45% in product and 39% in feed) 
by the universal method. This enzyme is very new 
formulation and also is a thermostable enzyme for 
pelleted feed, not mash feed. For such products 
the universal method is recommended to being 
modified for any under- or over-estimations as 
seen in this study (Basu et al., 2007). 
YASAR et al
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Tabel. 3 Results of the statistical analysis by IUPAC harmonized protocol (Horwitz, 1995)
Samples PP1 PP2 PP3 CON Phy-500 Phy-1000 Phyt-5000
Activity 500 1000 10000 0 500 1000 5000
Declared FTU/g FTU/g
Means 224 5609 9402 27 195 1191 7221
Analyzed U/g U/kg
Outliers* 0 2 1 3 3 0 0
Recovery, % 45 112 94 -- 39 119 144
r (U/g) 21 991 3314 4.6 9.0 238 1350Sr (U/g) 8.0 354 1184 1.6 3.2 85 482
RSDr (%) 3.4 6.3 12.6 4.7 1.6 7.2 6.6
Note: *Data were purged of all outliers flagged by the harmonized outlier removal procedure (IUPAC); 
r=Repeatability limit; sr=standard deviation for repeatability; RSDr=relative standard deviation for repeatability
Comparison of method performance cha-
rac teristics. Several methods are available in the 
literature to control phytase activity in products 
per se, in premixtures and in feeding stuffs added 
with enzymes (Tab. 4). The feed additive producers 
preferred to employ their own developed and 
in-house validated analytical methods or the 
modified versions of universal methods when 
available. However, for the purpose of official 
controlling of phytase activities of all available 
products harmonized and ring-trial validated 
methods are in reinforcement. 
When examining the Table 4 and Table 5 it can 
be seen that the routine in-house methods can only 
monitor the phytase activities in the production 
line to ensure the batch -to- batch variation. 
Many studies also employed these methods 
to report the phytase activities in scientific 
publications, and paying less attention to the 
precision of analytical method when analyzed 
the products tested in their studies (Tab. 4 and 
5). Thus, this provides a large variation (i.e., 25-
310% of enzyme recovery) in the reported data 
(i.e., Sulabo et al., 2011; Kerr et al., 2010; Jones et 
al., 2010; Yu et al., 2004). However, the universal 
methods were ring-trial validated: several 
laboratories analyzed activities of different 
enzyme products and various feed samples added 
with various products. They are very precise (2.5-
27% of RSDr and RSDR) and accurate (75-112% of 
phytase recovery) methods, and internationally 
well recognized and recommended for official 
controlling of phytase activities. 
Of the universal methods  “EN ISO 30024” 
method (Anonymous, 2009) has a wider 
application impact as provide more applicable 
results than “AOAC” method (AOAC, 2000; Engelen 
et al., 1994 and 2001) and “VDLUFA” method (Brod, 
2001a,b,c) as the latter two have large variations 
in the measurements up to 45% of RSD
R 
 (Tab. 5).
Table 4. Comparison of recovery (%) and precision parameters of other methods 
determining phytase activity in the pytase products*
Activity (U) per g products
References Mean Recovery RSDr RSDR LOD LOQ Phytases tested
Routine in-house Methods1Sulabo et al., 2011 25-57 30-68 Premix: OptiPhos1Sulabo et al., 2011 2046-2022 101-102 Product: OptiPhos1Kerr et al., 2010 1200-4400 24-90 OptiPhos2Kerr et al., 2010 2600-6200 74-310 Ronozyme3Kerr et al., 2010 2400-6400 84-320 Phyzyme4Yu et al., 2004 650-900 86-120 Ronozyme
Universal Methods-Official
ABrod 2001a 21366 2.5 4.9 SeveralBBrod 2001b 11.3-16.9 2.5-4.9 2.8-16.0 Several
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CEngelen et al., 2001 212-331 75-110 6.2-8.6 14.1-27.6 Several
DEngelen et al., 1994 1000 100 2.5 4 Natuphos
Transferabiliy of Universal Methods
EThis study (2014) 224 -9402 44-112 3.44-12.6 23 77 Natuphos Rovaphos 
Ronozyme HiPhos
CZeng et al., 2014 5104 102 PhyzymeEQuantum Blue 
2014
533-54000 80-84 1.9-2.9 5.5-5.5** Quantum Blue
CSulabo et al., 2011 3932-
12057
103-258
Products: 
OptiPhos 
Phyzyme 
Ronozyme
CSulabo et al., 2011 166-877 97-295
Premixes: 
OptiPhos 
Phyzyme 
Ronozyme
CKerr et al., 2010 2800-9300 100-465 Nathupos
CJones et al., 2010 1002-1127 83-94 Phyzme product
168-273 55-84 Phyzme premix
4946-5882 279-294 Optiphos product
176-290 88-290 Optiphos premix11266 112 Ronozyme product
70 47 Ronozyme premix
CIgbasan et al., 2000 4,6-2662 92-133 Bacterial Phytases
CZhang et al., 2000 78-6240 78-104 70 Natuphos 
Phytaseed
Note: 1Phytex Method, 2Roche Method, 3Danisco Method, 4Roche Method. AVDLUFA 27.1.1, BVDLUFA 27.1.2, CAOAC 
2000.12, DEngelen Method, EEN ISO 30024. *Recovery (%, measured activity divided by the target activity x 100), 
RSD
R (%, relative standard deviation for repeatability), RSDR  (%, relative standard deviation for reproducibility). **RSDIP (%, intermediate precision).
Table 5. Comparison of recovery (%) and precision parameters of other methods  determining phytase activity 
in feeding stuffs*
Activity (U) per kg feeds
References Mean Recovery RSDr RSDR LOD LOQ Phytases tested
Routine in-house Methods1BSAF (2014) 10-120 91 Bacterial 
phytases2Maller et al., 2013 25-250 92 0.5-2.0 Bacterial 
phytases3Almeida and Stein 
2012
500-1500 72-100 70
Bacterial 
phytases3Rojas and Stein 2012 690-910 86-113 Optiphos3Jones et al., 2010 180-1900 24-280 15.3 52 Optiphos Phyzme 
Ronozyme1Driver et al., 2006 1701 170 Natuphos2Park et al., 2003 870-1190 87-119 B. 
amyloliquefaciens
YASAR et al
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2Simons et al., 1990 115-240 46-96 Aspergillus faecium
Universal Methods-Official
EGizzi et al., 2008 779-1537 77-108 3.1-13 5.2-14.2 60 Allzyme Natuphos 
Phyzyme 
Ronozyme
CEngelen et al., 2001 225-367 92-112 2.5-7.9 14.0-20.5 Bacterial 
phytases
ABrod, 2001b 601-15676 4.9-13.0 8.1-21.0 100 PremixBBrod, 2001c 13-226 3.3-7.6 8.3-23.0 Feed
CAOAC (2000) 208-367 5.5-8.6 20.5-43.2 Natuphos
DEngelen et al., 1994 1000 100 5.0-10.0 4 Bacterial 
phytases
Transferabiliy of Universal MethodsEThis study (2014) 195-7221 39-144 1.6-7.2 14 46 Natuphos 
Rovaphos 
Ronozyme 
HiPhos
CZeng et al., 2014 515-19968 99-103 30 PhyzymeEOlukosi et al., 2013 476-2238 95-112 50 Quantum
CCowieson et al., 2013 514-610 103-122 E. coli
CAlmeida et al., 2013 406-3827 83-97 1.2-11.6 39 Ronozyme 
HiPhos
CWalk et al., 2013 2550-2940 102-117 60 Quantum Blue
CLi et al., 2013 7,6-126 110-120 Bacterial 
phytases
CYáñez et al., 2013 546-646 109-130 50 PhyzmeEdos Santos et al., 
2013a exp1
439-686 88-137 13-43 50 Bacterial 
phytasesEdos Santos et al., 
2013a exp2
307-1455 54-103 13-43 50 Bacterial 
phytases
Cdos Santos et al., 
2013b
500-1500 90-160 2.0-12.0 Quantum Finase 
Ronozyme 
Phyzyme
CYin et al., 2007 663-4138 82-132 Aspergillus japonicus
CPtak et al., 2013. 443-970 88-194 50 DSM
CGehring et al., 2013b 518-18100 84-112 50 Quantum 
phytase
CGehring et al., 2013a 849-1480 85-148 50 QuantumEChung et al., 2013 492-1944 98-130 Ronozyme 
HiPhos
CKrabbe et al., 2012 170-540 34-108 17-44 Bacterial 
phytases
CLoop et al., 2012 385-635 77-127 E. coli
CLoop et al., 2012 190-570 38-140 RonozymeERutherfurd et al., 
2012
1107-2215 110-110 Bacterial 
phytasesEDSM 2012 250-1500 103-106 11 10-11** ENZY PHOSTAR
ADSM 2012 250-1500 100-106 7.4-9.4 6.7-8.8** 51 ENZY PHOSTAREAB Vista 2012 1464 102 1.2 2.3** 101 Quantum Blue
CTorrallardona et al., 
2012
521-1561 104-154 Ronozyme 
HiPhos
CNasir et al., 2012 640 128 Ronozyme 
HiPhos
DBlaabjerg et al., 2012 380-960 192-280 2.5-6.3 Phytase premix
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CGuggenbuhl et al., 
2012a
678-43513 108-136 137 Ronozyme
CGuggenbuhl et al., 
2012b
524-1032 103-105 8.6-17.7 Natuphos
DZeng et al., 2011 5104 102 Trichoderma 
ReeseiEAureli et al., 2011 500-45400 91-118 Ronozyme 
HiPhos
CJones et al., 2010 Exp 1 213-1508 86-344 1.05-15.3 57 Optiphos Phyzme
CJones et al., 2010 Exp 2 290-3920 71-270 4.9-21.3 57 Optiphos Phyzme Ronozyme
CManangi et al., 2009 277-1246 82-125 0.1-18.7 50 Phyzyme
DElkhalil et al., 2007 442-741 88-113 Natuphos
CLiu, (2007) 669-1556 103-133 7.6-9.6 8.6-13.1 13 different 
enzymes
CKim and lei 2005 250-750 99 4.1-5.8 Aspergillus niger
DDilger et al., 2004 434-1195 87-120 Phyzme Natuphos
DIgbasan et al., 2000 410-2670 82-133 Bacterial 
phytases
CZhang et al., 2000 240-2580 80-130 70 Natuphos 
Phytaseed
DVan Der Klis et al., 
1997
148-510 86-148 1.86-9.8 Natuphos
DYi et al., 1996 313-987 87-110 50 Natuphos
Note: 1 BSAF Method, 2 In-House Method, 3Phytex Method. AVDLUFA 27.1.2, BVDLUFA 27.1.3, CAOAC 2000.12, 
DEngelen Method, EEN ISO 30024. *Recovery (%, measured activity divided by the target activity x 100), RSDr (%, relative standard deviation for repeatability), RSD
R 
(%, relative standard deviation for reproducibility). **RSDIP (%, 
intermediate precision).
Several researchers have been analyzed the 
product phytase activity (Tab. 4) and phytase 
activity in the feeds (Tab. 5) by either “AOAC”, 
“VDLUFA” or “EN ISO 30024” methods. The degree 
of verification or transferability of these methods 
for any measurement at other laboratories was 
successful including the results of present study. 
However, the parameters of enzyme recovery (%) 
and precision of measurements significantly varied 
from the sample/product to sample/product. 
For instance the “AOAC” method produced large 
variation in recovery rate up to 465%, whereas 
“EN ISO 30024” method only up to 114% (the 
acceptable limits of recovery from 75 to 140%).  
The degree of verification of “EN ISO 30024” 
method in our study was almost within the 
acceptable range of the IUPAC standards, except 
the low recovery obtained from the product of 
Rovaphos 500 both in the product per se and in 
the feed sample. This enzyme is a thermostable 
enzyme and the method can be modified to 
improve the recovery rate as suggested by the 
work of Basu et al. (2007). However, all the 
measurements carried out in our study by the 
universal method for the feed samples (Tab. 4-5) 
were very precise (1.6-12.6% of RSDr) and were 
found to be markedly better than the verification 
data of universal methods in other studies (1.2-
43.0% of RSDr).  
Efficacy trial. Quail chicks fed with the diets 
of Phy-500, Phy-1000 and Phy-5000 from 14 to 
21 d of age significantly (P<0.05) produced higher 
WG and FCR than the birds fed on the CON diet. 
Numerical, but not significant, improvements 
were obtained in WG and FCR of birds fed on 
the P-adequate diets supplemented with 3- or 
6-phytases at 500, 1000 and 5000 U//kg (Tab. 
6). The chicks fed on Phy-1000 performed better 
in terms of FCR and WG than the birds in the 
remaining diet groups since they significantly 
(P<0.05) consumed less amount of feed during 
the entire feeding period from 14 d to 35 d of age. 
Addition of 1075 U phytase (Aspergillus niger) per 
kg of diet significantly improved the FI, WG, relative 
retention of Ca and P, and numerically increased 
FCR in broiler chicks (Ahmad et al., 2010). And, 
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supplementing with Natuphos 5000 of the low-
aP diet improved the FI, FCR, WG, DM digestibility 
and P, Ca and Mn retention (Lan et al., 2011). The 
effect of this enzyme on reduced amount of feed 
per gram weigh gain in this study is of significant 
importance in the feed industry. Many studies 
(Pirgozliev and Bedford, 2012; Cowieson et al., 
2006; Elkhalil et al., 2007; Leytem et al., 2008; 
Olukosi et al., 2008) reported the beneficial effects 
of phytase products on the improved performance 
and nutrient digestibility of birds fed on a low-P diet. 
However, the phytases were reported to be 
less effective with P-adequate diets (Leytem et al., 
2008; Nyannor and Adeola, 2008; Lu et al., 2009), 
unlikely to the results of this study. Moreover, 
Martinez-Amezcua et al. (2006) and Cowieson 
et al. (2006) showed no significant difference 
between the corn-soya based control and the 
phytase-supplemented diets in lysine digestibility. 
This study, however, demonstrated that the 
phytase supplementation of P-adequate corn-soya 
based diet could improve the bird performance. 
Table 6. FI, BW, WG and FCR of quails fed on experimental diets from 14 to 35 d-old
Diets CON Phy-500 Phy-1000 Phy-5000 *S.E.M P
At 21 d-old
**n 48 48 48 48 -- --
Initial BW at 14 day, g 47.0a 47.5a 47.7a 47.3a 0.4 NS
FI, g 83.2a 81.8ab 77.8b 83.3a 0.95 0.05
BW, g 89.3a 98.3b 98.5b 94.2ab 1.65 0.05
WG, g 42.3a 50.7b 50.8b 47.0ab 1.58 0.05
FCR 1.96a 1.61bc 1.53c 1.80ab 0.06 0.05
Number of dead bird 2.0a 2.0a 0.0b 2.0a -- --
At 28 d-old
FI, g 192.7ab 192.6ab 172.9a 196.9b 4.10 0.05
BW, g 121.0a 124.4a 126.5a 124.5a 2.70 NS
WG, g 74.0a 76.9a 78.8a 77.2a 2.71 NS
FCR 2.60a 2.50a 2.19b 2.55a 0.08 0.05
Number of dead bird - - - - NS
At 35 d-old
FI, g 305.2a 310.6a 280.3a 310.9a 6.35 0.05
Final BW, g 143.9a 147.7a 144.6a 148.6a 3.23 NS
WG, g 96.9a 100.0a 96.9a 101.3a 3.20 NS
FCR 3.15a 3.10a 2.89b 3.07ab 0.07 0.05
Number of dead bird - - - - NS
Note: *S.E.M refers to standard error of the means. **n, refers to the number of total birds in the groups at day 0. a,b,c 
Mean values bearing different superscripts in the same row differ significantly (P<0.05). NS=No-significant (P>0.05).
Table 7. Dry matter retention (%), carcass characteristics and development of digestive tract of the quails fed on experimental diets at 35 d-old
CON Phy-500 Phy-1000 Phy-5000 *S.E.M P
Dry matter retention, % 45.5a 52.1b 44.6a 47.2a 0.93 0.01
BW at 35-d, g 143.9a 147.7a 144.6a 148.6a 3.23 NS
Carcass weight, g 106.5a 111.5b 107.9ab 112.0b 1.48 0.05
Carcass yield, % 74.0 75.5 74.6 75.3 1.20 NS
Total digestive tract weight, g/b 21.3a 21.9a 18.4b 19.0ab 0.80 0.05
Relative weight of tract, g per 
100 g BW
14.8a 14.8a 12.7b 12.8b 0.48 0.05
Length of digestive tract, cm 57.2a 63.6b 54.6a 58.0ab 2.47 0.05
Note: *S.E.M. refers to standard error of the means.
a,b,c Mean values bearing different superscripts in the same row differ significantly (P<0.05)
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In the present study a high dose of phytase 
(5000 U/kg) was found to be overall beneficial in 
the P-adequate diet. This result was also confirmed 
with the low-P diets previously: WG of the birds 
fed a high dose of phytase (2500 FTU/kg) in the 
low aP diet was close to that of commercially 
reared birds at the same age, but the chicks were 
about 15% heavier and converting feed 6·4% 
more efficiently (Pirgozliev and Bedford, 2012). 
High dose of phytases was also very effective in 
other studies (Cowieson et al., 2011; Pirgozliev et 
al., 2011). The recommended dose of a novel feed 
phytase enzyme at 500 FTU/kg was effective in 
improving BW, increasing feed intake, reducing 
mortality rate, and increasing toe and tibia ash 
without significantly influencing feed conversion. 
However in this study, the bird performance was 
significantly influenced during the first week of 
feeding with an optimum level of 500 FTU/kg 
phytase, but hereafter numerically influenced by a 
recommended phytase activity of 500 U/kg in the 
case of Phyt-500. Similar to the present results there are 
sporadic effects of enzyme supplementations 
on animal performance: Addition of extra levels 
of phytase (2X and 3X) significantly (P<0.05) 
improved toe and tibia ash without further 
affecting performance traits (Karimi et al., 2013). 
Addition of Rovaphos 500 at a rate of 500, 1000 
and 1500 g per tone of feed significantly increased 
BW of broiler and linearly increased serum P 
and decreased the amount of P excretion in 
feces (Bingol et al., 2009). In this experiment, 
DM retention was not influenced by the phytase 
supplementation (Tab. 7), except in the case of 
Phy-500 diet fed chicks. This was, in general, in 
agreement of the previous results: Attia et al. 
(2012) demonstrated that dry matter retention 
was not affected by enzyme supplementations. 
Pirgozliev et al. (2010) demonstrated that the 
birds can tolerate high levels of phytase up to 
12500 FTU/kg of feed and produced higher WG 
and FCR, compared with the optimum levels of 
phytase of 250 and 500 FTU/kg of feed, and that 
none of phytase levels affected dry matter, ME and crude protein retention.
The carcass yield in this experiment was not 
influenced by the dietary phytase supplementation 
(Tab. 7).  This was not in agreement of some 
results, previously reported: Japanese quails did 
not respond differently to dietary phytase levels 
(150 to 2400 FTU per kg) of Natuphos 500, but the 
higher carcass yield was obtained by the lowest 
phytase level compared to the highest phytase 
level (Vali and Jalali, 2011). 
In the present experiment, the weight and 
relative weight of digestive tract was significantly 
(P<0.05) reduced by the diets of Phy-1000 and 
Phy-5000. On the other hand, the longer digestive 
tract was only obtained from the diet of Phy-500. 
These sporadic effects of phytase products on the 
development of digestive tract were discussed 
below. A study indicated that 75-95.8% of phytase 
added to the diet was found in the crop content, 
only 5.6-18% reached to the stomach content 
and no phytase activity was detected in the small 
intestine content (Lan et al., 2010). 
On the other hand, the phytase activity 
estimated from exogenous phytase protein was 
identified and detected by the Western blot and 
activity stain method in the crop, stomach and 
ileum content, but not in jejunum and ileum 
contents in chicken (Yu et al., 2004).  In our study, 
P availability by the diet of 1000 and 5000 U/
kg phytases was probably increased in the fore 
gut, thereby inducing the reduced weight of 
digestive tract. Where the nutrient digestibility 
was increased or improved by the exogenous 
phytase addition it is likely that this is mediated 
by the reduced endogenous loss in the birds fed by 
diets containing feed phytase (Liu and Ru, 2010). 
Bioavailability of plant P varies from 10 to 60% 
as well as their intrinsic phytase activity from 
0.0 to 5000 U per kg. P availability in pigs can be 
improved by an optimal supplementation at 500 U 
microbial phytase kg of the diet (Weremko et al., 
1997). 
It is believed that phytate hydrolysis takes place 
mainly in the fore stomach (crop, proventriculus, 
gizzard) where the pH is more conducive to 
phytase action and the substrate phytate is 
more water-soluble (Selle and Ravindran, 2007). 
Therefore, the conditions and the digesta transit 
time in the upper gut are likely to be an important 
determinant of phytase efficacy. The longer 
digestive tract observed with the diet of Phy-500 
in this experiment may induce the longer transit 
time of digesta. 
This may be true for the diet of Phy-500 since 
DM retention was only increased by this treatment. 
The P availability can also be improved in these 
circumstances since it was shown that the amount 
YASAR et al
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of retained P in the chicken body was significantly 
improved for the diet based on corn-soya bean 
by the phytase supplementation (Cowieson et al., 
2006; Elkhalil et al., 2007; Leytem et al., 2008).  
The degree of retention may partially depen-
dent on the phytase levels in diets, but mostly 
on the precise formulation of broiler diets for P 
requirements and the precise safety margins of 
formulated feed nutrients (Slominski, 2011). 
CONCLUSION
It can be concluded that the universal method 
determining phytase activity in product per se 
and in feeding stuffs was successfully verified by 
the measurements carried out at our laboratory 
within the acceptable limits set-up by the 
literature review on precision and accuracy data, 
and that each of the enzymes tested in this study 
improved animal performance from 14 to 35 d-old 
age; the microbial phytase product of “Phy-1000” 
was shown to be more efficacious than the other 
enzyme products since the birds consumed less 
feed, but gained more with the diet “Phy-1000”. 
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